A simple two-step procedure for purification of enolase from germinated spores or vegetative cells of Bacillus megaterium is described. The procedure resulted in a 1,200-fold purification with production of homogeneous enzyme in -75% yield; the enzymes from spores and cells seemed identical. The molecular weight of the native enzyme was 335,000, with a subunit molecular weight of 42,000. The enzyme required Mg2e and was inhibited by ethylenediaminetetraacetic acid and fluoride ions. The Michaelis constants for 2-phosphoglyceric acid and Mg2" were 7.1 x 10-4 and 4.7 x 10-4 M, respectively.
Enolase (phosphopyruvate hydratase, EC 4.2.1.11) has been purified to homogeneity from a number of sources, both procaryotic and eucaryotic (1, 10, 11, 13) . This enzyme may be of particular importance in spores of Bacillus and Clostridium species, since the first minutes of germination are accompanied by rapid utilization of the depot of 3-phosphoglyceric acid (3-PGA) in the dormant spores, generating ATP (7) . Utilization of the 3-PGA depot is known to proceed via the enzyme enolase (7) and, consequently, it is possible that this enzyme may be involved in the regulation of both this process and the accumulation of 3-PGA during sporulation (4, 9) . Since the purification of enolase from a sporulating bacterium has not been reported, we undertook its purification from spores and cells of B. megaterium QM B1551 (originally obtained from Hillel Levinson, U.S. Army Laboratories, Natick, Mass.).
Purification of enolase from vegetative cells required only two steps, the second of which was ion-exchange chromatography on diethylaminoethyl (DEAE)-Sephadex A-25 (Fig. 1) . The results of a typical purification procedure are given in Table 1 . The procedure for purification of the enzyme from spores was identical, except that dormant spores were first germinated and then extracted by lysozyme treatment as previously described (6) (data not shown). Both procedures resulted in an enzyme preparation that appeared homogeneous, giving a single protein band upon acrylamide gel electrophoresis in the presence of sodium dodecyl sulfate (12) or under nondenaturing conditions (alkaline gels as previously described [6] ). In the latter gels, all enolase activity was associated with the single protein band. The enzymes from spores and cells coelectrophoresed under all conditions tested, and harvested, and frozen as previously described (5). Frozen cells (150 g) were washed twice with buffer A [50 mM tris(hydroxymethyl)aminomethane-hydrochloride (pH 7.4) and 5 mM MgSO4] at 4°C. To the washed pellet was added an equal volume of cold buffer A containing 1 mM 2-mercaptoethanol and 0.1 mM phenylmethylsulfonyl fluoride, and the cells were disrupted by sonic treatment in the presence of glass beads as previously described (9) . Cell debris was removed by centrifugation (10,000 x g, 10 min). The supernatant fluid was made 2 mg/ml in streptomycin sulfate. After stirring for 20 min at 4°C, the solution was centrifuged (10 min, 10,000 x g), and the pellet was discarded. The supernatant fluid was then dialyzed and run on DEAE-Sephadex as described in the legend to Fig. 1 Inhibition by EDTAe (2 mM) or dipicolinic acid (2 mM)f .....
>99%
Inhibition by fluoride ions (5 mM) with phosphate (5 mM) presentf ....
Inhibition by preincubation with iodoacetate (1 mM) or N-ethylmaleimide (1 mM)g .5
<5%
Activity when Mn2", Co2+ or Zn2+ (1 mM) substituted for Mg2+. b Determined by sodium dodecyl sulfate-gel electrophoresis by the method of Weber and Osborn (12) .
e Determined by chromatography on Sephadex G-200 by the method of Whitaker (14 k Hydrolysis and amino acid analyses were performed as previously described (8) . Cysteic acid was determined by performic acid oxidation, hydrolysis, and subsequent amino acid analysis (2) . Each value in parentheses indicates the percentage of total residues that is composed of a given residue; tryptophan was not determined. NOTES 355 teine or cystine, but in other respects the amino acid composition was not unusual ( Table 2 ). The Km values for 2-PGA and Mg2e were similar to those reported for the enzyme from E. coli (Table 2) (10).
In general, the enolase from B. megaterium appeared similar to the enzyme from other sources, including other bacteria. The major difference was in the molecular weight of the B. megaterium enzyme, which was four times higher than that of most other enolases (15) . The ease with which this enzyme can be purified to homogeneity makes it of possible use in the investigation of subunit arrangement and subunit interactions in proteins.
